1.. Introduction {#s1}
================

While genetic information is just one of many tools that may be used to conserve endangered species, the use of such information is often valuable to facilitate recovery efforts and the management of surviving populations.^[@DSR037C1]^ Genetic data from endangered species have been used for multiple conservation applications, e.g. to carry out parentage analysis in *ex situ* breeding and translocation programmes,^[@DSR037C2],[@DSR037C3]^ and to quantify levels of genetic diversity and identify factors such as founder effects, genetic drift, genetic bottlenecks, and inbreeding that may threaten endangered species.^[@DSR037C4]--[@DSR037C6]^ However, because of the difficulty of isolating genetic markers and the considerable cost and time associated with extensive genotyping of individuals in populations, many conservation-genetic studies have employed relatively small numbers of genetic loci, such as RFLPs, AFLPs, and SSRs (simple sequence repeats, or microsatellites). Increasing the number of sampled loci may increase the precision and accuracy of estimates of genetic structure and population genetic parameters such as levels of genetic diversity and inbreeding coefficients.^[@DSR037C7]^ Furthermore, large numbers of genetic loci are necessary to unequivocally assign parentage, which may be very useful for establishing genetically diverse populations of endangered species through the augmentation of existing genetically depauperate populations or the creation of new populations.

Recently, however, the number of genomic-scale sequence collections has increased, enabling rapid gene and marker discovery for an increased number of taxa.^[@DSR037C8]^ Previously, the development of such genomic resources was largely limited to model organisms; however, recent advances in DNA sequencing technology have reduced the cost and time required for the development of genomic resources, resulting in a rapid growth in the availability of such data, particularly in non-model organisms.^[@DSR037C9]--[@DSR037C11]^ Transcriptome sequencing, which is DNA sequencing of the mRNA pool of a given tissue, has allowed sequencing efforts to focus on the protein-coding portion of the genome, and has become a valuable approach for developing genomic-level resources of the transcribed portion of the genome.^[@DSR037C8]^ Next-generation sequencing technologies, such as 454 pyrosequencing, remove many time-consuming steps involved in Sanger sequencing and now facilitate transcriptome sequencing at a minute fraction of the previously required time and cost.^[@DSR037C10]--[@DSR037C15]^ A single-plate run on the 454 GS-FLX titanium pyrosequencing platform typically produces around a million reads averaging 400 bp in length, often resulting in near complete transcriptome coverage.^[@DSR037C11],[@DSR037C16],[@DSR037C17]^ The generation of such large-scale sequence data is enabling gene discovery, molecular marker development, and comparative analyses in ecologically important, non-model plant taxa,^[@DSR037C11],[@DSR037C18]--[@DSR037C22]^ including those of conservation concern.^[@DSR037C23]^

One species for which conservation efforts would be greatly assisted by the establishment of a genome-level resource is *Ziziphus celata* (Rhamnaceae), a federally endangered, diploid shrub endemic to central Florida, which is currently known from only 14 populations along the Lake Wales Ridge in Polk and Highlands Counties. The species is highly clonal and previous genetic analyses using allozymes,^[@DSR037C24]^ RAPDs,^[@DSR037C25]^ AFLPs, and SSRs^[@DSR037C26]^ found that 9 of the 14 extant wild populations are uniclonal (i.e. each population comprises a single genetic individual). Depending on the method of determining the number of genotypes, the remaining five populations comprise between 22 and 32 genotypes;^[@DSR037C26]^ however, unambiguous quantification of the number of genotypes in these populations will require the employment of a larger number of genetic markers. Very little genetic data are presently available for *Z. celata*, complicating the development of genetic markers, e.g. as of April 2011, only six DNA sequences had been deposited at NCBI for *Z. celata*, and none of these represented expressed genes. Furthermore, the entire Rhamnaceae family, which contains ∼900 species,^[@DSR037C27]^ was represented by fewer than 2000 sequences at NCBI. The development of a genome-level resource for *Z. celata* stands to improve conservation-genetic approaches in *Z. celata* and to provide a future basis for comparative genomic studies in the Rhamnaceae, which contains economically important crop and ornamental tree and shrub species.

Given the small numbers of populations and genotypes of *Z. celata*, its recovery relies on the augmentation of uniclonal populations and the introduction of multiple genotypes to publicly protected sites containing appropriate habitat;^[@DSR037C28],[@DSR037C29]^ however, the ability to establish self-sustaining, sexually reproducing, translocated populations has been complicated by the reproductive failure of most experimental crosses. Such reproductive failure has been attributed to self-incompatibility in *Z. celata*. Self-incompatibility has been documented or proposed in at least five genera in the Rhamnaceae, including *Colletia*,^[@DSR037C30]^ *Discaria*,^[@DSR037C31],[@DSR037C32]^ *Frangula*,^[@DSR037C33]^ *Trevoa*,^[@DSR037C34]^ and *Ziziphus*.^[@DSR037C25],[@DSR037C35],[@DSR037C36]^

Gametophytic self-incompatibility (GSI) has been proposed as the system of self-incompatibility in *Z. celata* based on results from hundreds of experimental hand pollinations, analysis of RAPD data, and studies of pollen tube inhibition.^[@DSR037C25],[@DSR037C35],[@DSR037C37]^ GSI is a system whereby pollen is rejected when its *S*-haplotype is the same as either of the *S*-haplotypes present in the pistil.^[@DSR037C38],[@DSR037C39]^ In four of the five plant families with well-characterized GSI systems, GSI is mediated by the *S-RNase* gene.^[@DSR037C38],[@DSR037C39]^ Previous research suggests that a *S-RNase*-based system of GSI likely evolved only once in Angiosperms,^[@DSR037C38],[@DSR037C39]^ and the presence of *S-RNase*-based GSI in the Rosaceae, a plant family which is closely related to the Rhamnaceae, suggests that this is the most likely mechanism causing GSI in Rhamnaceae.

An understanding of the genetic basis of self-incompatibility and the ability to assess mating types in *Z. celata* would greatly facilitate recovery efforts. Previous research has shown that as few as two mating types may be present in *Z. celata* wild populations,^[@DSR037C25],[@DSR037C35]^ the minimum necessary to maintain sexual reproduction in a GSI species; however, more mating types may exist, as the compatibility of most genotypes has not yet been tested. The most efficient approach to determine cross-compatibility is to directly sequence the genes that encode the GSI reaction. Another efficient approach is parentage analysis of progeny to provide indirect evidence of compatible mating types; however, more genetic data and molecular markers are required to carry out either of these approaches in *Z. celata*.

In this study, we conducted 454 pyrosequencing of a normalized cDNA library isolated from flowers of three genotypes of *Z. celata*. Our goals were to (i) characterize the floral transcriptome of *Z. celata*, (ii) identify and characterize a large number of gene-based markers, including single-nucleotide polymorphisms (SNPs) and SSRs, for future genetic analyses, and (iii) determine whether analysis of the floral transciptome includes genes belonging to gene family that encodes the GSI reaction. The increased genomic information produced in this study will aid in creating self-sustaining, sexually reproducing populations of this endangered species and bolster comparative genomic studies in a plant family for which very little genetic data are currently available.

2.. Materials and methods {#s2}
=========================

2.1.. Tissue sampling, cDNA library creation, and 454 sequencing {#s2a}
----------------------------------------------------------------

During January--February 2010, we collected several hundred newly opened flowers from each of three *Z. celata* genets, including the two S-locus mating types confirmed in the wild and one genet of unknown mating type. We collected flowers in sterile RNase-free tubes, which were placed immediately into liquid nitrogen. Flowers from each of the three mating genotypes were then shipped on dry ice to GATC Inc., in Konstanz, Germany. Flowers from the three genotypes were pooled in equal amounts before RNA extraction. RNA extraction, cDNA synthesis, cDNA library normalization, and 454 sequencing were performed by GATC staff following previously outlined methods.^[@DSR037C17]^ The *Z. celata* floral cDNA library was sequenced in a half-plate run on a 454 GS XLR70 Titanium genomic sequencer (Roche, Inc.).

2.2.. Assembly and annotation {#s2b}
-----------------------------

We trimmed 454 primer sequences from all reads prior to assembly and removed reads with average quality scores lower than 18. We used Seqman Ngen v2.0 (DNAstar, Inc.) to assemble reads into contigs, as this program has been successful in assembling 454 sequences from transcriptomes.^[@DSR037C13],[@DSR037C17]^ Because no reference genome exists for *Ziziphus*, reads were assembled *de novo*. The assembly was run with a minimum match size of 19 nucleotides, match percentage of 95%, mismatch penalty of 18, and gap penalty of 30 (further information on assembly is available from the authors by request). The resulting contig consensus sequences and remaining singletons were then combined into a single set for the following analyses, except where noted.

We annotated the 454 sequences by using local BLASTx^[@DSR037C40]^ to align the consensus sequences from the assembled contigs and the singleton sequences to the Uniref50 15.4^[@DSR037C41]^ and the TAIR9 *Arabidopsis thaliana*^[@DSR037C42]^ annotated protein databases using an *E-*value threshold of 10^−11^. BLAST results were passed through a custom Perl pipeline that produced tab-delimited tables containing accession numbers, gene name, taxonomic ID, query length, orthologue sequence length, sequence alignment, *E-*value, and bit score for each protein matching to the *Z. celata* 454 sequences. To determine the number of unique genes represented, we filtered these files for redundancy in protein accessions. To assess the taxonomic distribution of BLAST hits, we used a custom perl script that employs a BioPerl package to retrieve hierarchical taxonomic identities for each protein accession ID. Assignment of gene ontology (GO) terms to sequences with BLAST matches to known proteins was then performed by importing the accession numbers for the BLAST hits to unique proteins into Blast2go (version 2.3.6; [www.blast2go.org](www.blast2go.org)). We based these analyses on the contig consensus sequences with positive BLAST matches to 13 401 unique accessions in the TAIR annotated protein database.

2.3.. Search for the S-locus {#s2c}
----------------------------

In most other taxa, the female component of GSI is encoded by an *S-RNase*, a member of the *T2 RNase* family.^[@DSR037C38],[@DSR037C39]^ Thus, as a first step towards characterizing the genes involved in GSI in *Z. celata*, we searched annotation results and carried out BLAST searches to find *Z. celata* 454 sequences belonging to the *T2 RNase* gene family. We searched the *Z. celata* annotation results for the terms '*T2 RNase*', '*RNase*', '*ribonuclease T2*', and '*S-RNase*'. We also created a blastable database of characterized *S-RNase* sequences deposited at NCBI\'s dbEST, including *Nicotiana alata* S2, *Antirrhinum hispanicum* S2, *Prunus avium* S1, and *Pyrus pyrifolia* S4.^[@DSR037C38]^ We used BLASTx to align all *Z. celata* contig consensus sequences and singletons to these sequences with an *E*-value threshold of 10^−10^. Once we identified sequences that putatively belonged to the *T2 RNase* gene family, we translated them to proteins, manually aligned them with amino acid sequences from verified members of the *T2 RNase* gene family^[@DSR037C38]^ using Se-Al,^[@DSR037C43]^ and inspected their protein-coding motifs for homology with verified members of the gene family.

2.4.. Molecular marker characterization {#s2d}
---------------------------------------

We used custom perl scripts to locate di-, tri-, and tetra-nucleotide SSRs in the 454 sequences with a minimum length of 12 bp and six contiguous repeating units for di-nucleotide motifs, four contiguous repeats for tri-nucleotide motifs, and three repeating units for tetra-nucleotide motifs. We determined which SSRs occurred in coding regions of genes by extracting the aligned portions of contig consensus sequences that had BLAST matches to annotated protein-coding orthologues in Uniref50, and then used the same algorithm as above to detect SSRs in both the aligned and remaining portions of these contigs. To construct polymerase chain reaction (PCR) primers in the flanking regions of SSRs, we used the program BatchPrimer3.^[@DSR037C44]^ We created primers with a minimum GC content of 30%, a GC clamp (the last two nucleotides were G or C), a melting temperature between 52 and 55, and we positioned primers to obtain PCR products between 100 and 450 bp.

We isolated SNPs in contigs with high coverage depths using the SNP reporter feature in Seqman Pro (DNAstar, Inc.). We identified SNPs with coverage depth of at least 10 and with an alternate allele in a minimum of 20% in all contigs containing \>25 reads, in order to obtain an estimate of the transcriptome-wide occurrence of high-quality SNPs. We then enumerated SNPs at sites where coverage depth was at least 8 and where alternate alleles were present at a minimum frequency of 20%.

3.. Results {#s3}
===========

3.1.. Assembly and annotation {#s3a}
-----------------------------

A half-plate run on the 454 GS-FLX Titanium platform produced 655 337 sequences that, after adaptor and vector trimming, averaged 254 bases in length ([Supplementary Fig. S1](http://dnaresearch.oxfordjournals.org/lookup/suppl/doi:10.1093/dnares/dsr037/-/DC1)). Files containing the 454 DNA sequences and quality scores have been deposited at NCBIs Short Read Archive (accession SRA045662). A total of 474 025 reads (72% of total) were assembled into 84 645 contigs, with 181 312 reads remaining as singletons. The average contig length was 408 bases (min = 19, max = 2438), with an average of 5.6 (min = 2, max = 1337) reads assembled per contig ([Supplementary Fig. S2](http://dnaresearch.oxfordjournals.org/lookup/suppl/doi:10.1093/dnares/dsr037/-/DC1)) and a GC content of 0.39. The average read length of the singleton sequences was 255 bp, similar to the average length of the reads assembled into contigs (253 bp), and these sequences had an average GC content of 0.37. The mean coverage depth per nucleotide position in the assembled contigs was 3.1 (min = 1, max = 868), indicating reasonably good coverage depth for a half-plate 454 GS-FLX Titanium run. As expected, contig length increased as a function of coverage depth and the number of reads assembled into each contig ([Supplementary Fig. S2](http://dnaresearch.oxfordjournals.org/lookup/suppl/doi:10.1093/dnares/dsr037/-/DC1)).

BLAST annotation of contig consensus and singleton sequences to a large number of unique genes indicated extensive coverage of the *Z. celata* floral transcriptome. Results of BLAST searches against the Uniref50 and TAIR9 databases, including the species name, accession number, identity percentage, and *E*-value, are presented in [Supplementary Tables S1 and S2](http://dnaresearch.oxfordjournals.org/lookup/suppl/doi:10.1093/dnares/dsr037/-/DC1), respectively. Forty-seven per cent of the contig consensus sequences had BLAST hits to annotated proteins in Uniref50, and 43% had BLAST hits to annotated proteins in TAIR9 (Table [1](#DSR037TB1){ref-type="table"}). Smaller percentages of the singleton sequences also had BLAST matches to the annotated protein databases (25% UniRef; 23% TAIR). Nonetheless, the large number of singleton sequences with BLAST matches (Table [1](#DSR037TB1){ref-type="table"}) indicates that unassembled sequences still provide an abundance of valuable sequence information and improve overall transcriptome coverage breadth. In many cases, multiple sequences representing both contigs and singletons had BLAST matches to the same protein. After correcting for redundancy, the combined set of contig consensus sequences and singleton sequences had matches to 22 707 unique proteins in Uniref50, and 16 089 unique proteins in TAIR, indicating that many *Z. celata* genes are represented (Table [1](#DSR037TB1){ref-type="table"}). Of the 13 514 unique BLAST matches of contig sequences to protein accessions in the TAIR database, 10 808 were annotated to GO terms. Of the assigned GO terms, 6083 were to biological processes, 8036 to molecular function, and 6565 to cellular components, indicating a large functional diversity of genes in the trancriptomic data. The even distribution of assignments of proteins to more specialized GO terms further indicates that the *Z. celata* 454 sequences represent proteins from a diverse range of functional classes (Fig. [1](#DSR037F1){ref-type="fig"}). Table 1.The number and percentage of the total *Ziziphus celata* 454 contigs and singletons that matched to annotated protein databasesContigsSingletonsCombined setDatabaseTotal hitsUniqueTotal hitsUniqueTotal hitsUnique hitsUniref39 815 (47%)17 42046 124 (25%)16 33285 939 (32%)22 707TAIR36 801 (43%)13 51442 707 (23%)12 47979 508 (30%)16 089 Figure 1.Functional gene diversity in the *Z. celata* transcriptome data. Bars represent the number of assignments of *Z. celata* proteins with BLAST matches in the TAIR9 database to each GO term.

Many contig consensus sequences were sufficiently long to cover full or nearly full transcripts (Fig. [2](#DSR037F2){ref-type="fig"}). Examination of the 36 801 contigs with BLAST matches to protein-coding sequences in the TAIR9 protein database indicates that many contigs were as long as their corresponding full-length orthologous *Arabidopsis* transcripts (Fig. [2](#DSR037F2){ref-type="fig"}). As coverage depth increased, the ratio of *Z. celata* contig length/*Arabidopsis* orthologue length increased, with a large number of *Z. celata* contig sequences likely covering full-length transcripts (Fig. [2](#DSR037F2){ref-type="fig"}). This indicates that the assembly was of high quality and that we obtained extensive coverage breadth and depth for much of the floral transcriptome. Figure 2.The ratio of *Z. celata* contig length to *A. thaliana* orthologue length as a function of contig coverage depth. The dotted line corresponds to a ratio of 1, where 454 contigs are as long or longer than the BLAST matched *A. thaliana* orthologues.

As expected, the vast majority of BLAST hits matched to known plant proteins (Table [2](#DSR037TB2){ref-type="table"}). The abundance of BLAST matches to plant-specific proteins was further indicated by sequences matching nearly as many unique proteins in searches of TAIR as those with Uniref50. There were a small number of BLAST hits to non-plant proteins (Table [2](#DSR037TB2){ref-type="table"}), which may be due to representation of these proteins in Uniref50 by non-plant taxa, short or poor quality consensus sequences in 454 *Z. celata* contigs, or because the sampled tissues contained other organisms such as pathogens. Table 2.Number of unique BLAST matches to annotated proteins in different taxonomic groupsTaxonomic groupUnique BLAST hitsPlants19 790Algae100Other eukaryote496Fungi138Bacteria131Virus553Other1499

Annotation and BLAST searches identified six *Z. celata* sequences that putatively belonged to the *T2 RNase* gene family, five of which were isolated from contig consensus sequences and one of which was isolated from a singleton sequence. We translated these *Z. celata* sequences into amino acid sequences and aligned them with previously characterized, complete *T2-RNase* amino acid sequences from 12 plant families. Although the 5′ and 3′ ends of the amino acid sequences were highly variable and difficult to align across taxa, we were able to easily align ∼110 highly conserved amino acids, suggesting that the six *Z. celata* sequences identified in this study are likely members of the *T2 RNase* gene family. The *Z. celata T2 RNases* were 115--206 residues in length (347--647 bp) and were shorter than all 12 of the complete *T2 RNase* sequences (which ranged from 222 to 275 residues). Alignments revealed that the *Z. celata T2 RNase* sequences did not span the full *T2 RNase* protein-coding region, as all were truncated on either the 5′ or 3′ end. We detected significant diversity among the six *Z. celata T2 RNases*, but additional analyses of these alignments will be necessary to determine whether any of these *T2 RNase* sequences are orthologues of *S-RNase* genes that encode the female component of GSI in other taxa.

3.2.. Molecular marker characterization {#s3b}
---------------------------------------

SSRs were highly abundant in the 454 DNA sequences, occurring in 17% of sequences from the combined set of contig consensus sequences and singletons. We identified 10 954 di-, tri-, and tetra-nucleotide repeats in the 84 465 contig consensus sequences, and an additional 33 587 SSRs in the 181 312 singleton sequences (Table [3](#DSR037TB3){ref-type="table"}). Although influenced by the criteria used to identify these SSRs, tri-nucleotide repeats were the most common, followed by di- and tetra- nucleotide repeats (Table [3](#DSR037TB3){ref-type="table"}). A total of 11 926 SSRs occurred in contigs with BLAST matches to Uniref50 annotated proteins, of which 4246 occurred in protein-coding regions of these sequences. The density of SSRs was much higher in non-coding regions that followed coding regions than in coding regions (0.0016 SSRs per basepair in coding regions vs. 0.0075 in non-coding regions). Of the three repeat motifs, di-nucleotide repeats were the most abundant in coding regions (2551), followed by tri- (1684) and tetra-nucleotide (11) repeats. Primer design was successful for a much larger percentage of contig consensus sequences (76%) than singleton sequences (23%), presumably because the shorter length of the singleton sequences limited the availability of suitable priming sites. [Supplementary Tables S3 and S4](http://dnaresearch.oxfordjournals.org/lookup/suppl/doi:10.1093/dnares/dsr037/-/DC1) provide primer sequences, GC content, melting temperatures, expected product length, SSR motif, SSR sequence, SSR length, and sequence identification for the SSRs developed from the *Z. celata* 454 sequences. SNPs were also highly abundant in the *Z. celata* 454 contigs. Across 1.4 million bases represented by a minimum of 8× coverage, we identified 11 056 SNPs that were present at a minimum frequency of 25%, resulting in a SNP occurrence rate of 0.008 per base, similar to that reported in other 454 transcriptome studies.^[@DSR037C13],[@DSR037C16],[@DSR037C17]^ Table 3.Number of each type of SSRs detected in the *Z. celata* transcriptome. Values in parentheses indicate the number of sequences for which PCR primers were successfully designed.Repeat motifContigsSingletonsTotalDi3493 (2145)6620 (2075)10 113 (4220)Tri4195 (3836)11 638 (3188)15 833 (7024)Tetra3266 (2313)15 329 (2379)18 595 (4692)Total10 954 (8294)33 587 (7643)44 541 (15 936)

4.. Discussion {#s4}
==============

4.1.. Transcriptome assembly, coverage breadth and depth, and gene annotation {#s4a}
-----------------------------------------------------------------------------

454 pyrosequencing has arisen as a powerful tool for the sequencing of transcriptomes, and many studies have used *de novo* assembly of such data to produce and characterize genome-level resources for non-model organisms.^[@DSR037C11],[@DSR037C13],[@DSR037C16],[@DSR037C23],[@DSR037C45]^ Similarly, a half-plate run on the 454 GS-FLX Titanium platform provided substantial coverage of the *Z. celata* floral transcriptome, and *de novo* assembly placed a large fraction (72%) of the 454 sequences into contigs, a large number of which were of considerable length and coverage (Fig [2](#DSR037F2){ref-type="fig"}). BLAST hits to more than 22 000 unique proteins indicate that a large portion of the floral transcriptome was likely sequenced. The large number of diverse GO assignments of these transcripts also highlights the diversity of genes likely represented by these data. Furthermore, many contigs were as long as, or longer than, the corresponding *Arabidopsis* orthologues, indicating thorough transcript coverage for many genes. These sequences provide a significant genomic-level resource for an endangered plant species and plant family for which very little DNA sequence data previously existed.

Nearly all of the unique BLAST matches were to proteins characterized in green plants (Table [3](#DSR037TB3){ref-type="table"}). A small subset, however, were to proteins characterized in other organisms, and could represent contaminant RNA in the floral tissues we sampled. In particular, a reasonably large number of matches were to plant viral genes (Table [3](#DSR037TB3){ref-type="table"}). However, low frequencies of BLAST hits to distantly related taxonomic groups are common in such transcriptome sequencing studies and are often attributable to factors other than contaminant RNA,^[@DSR037C13],[@DSR037C17],[@DSR037C45]^ e.g. these sequences could be short contigs containing little information, genes that have not been well characterized in plants, or novel *Z. celata* genes.

Transcriptome sequencing studies have proven highly valuable for gene discovery, characterization, and variant analysis in both model and non-model organisms.^[@DSR037C11],[@DSR037C16],[@DSR037C17],[@DSR037C46],[@DSR037C47]^ Here, we detected genes expressed in the floral tissues of *Z. celata* that are putative members of the *T2 RNase* gene family, demonstrating that 454 transcriptome sequencing is a useful approach for identifying sequences belonging to specific gene families in non-model organisms. We detected significant variation among amino acid sequences within the gene family, indicating that we may have isolated multiple paralogues. Further phylogenetic analyses and analyses of protein-coding motifs for these sequences will be necessary to determine whether these sequences are orthologues or paralogues of *S-RNases*. If any of the sequences identified in this study encode the *S-RNase* gene, future research will focus on genotyping this gene in all individuals of *Z. celata*, which will allow us to identify rare mating types and determine the compatibility of extant genotypes in this self-incompatible species. An understanding of S-locus diversity in *Z. celata* will help to establish genetically diverse populations capable of reproducing sexually, thereby increasing levels of genetic diversity in this highly endangered species, with the ultimate goal of forming self-sustaining and demographically viable populations.

4.2.. Molecular marker characterization {#s4b}
---------------------------------------

The 454 pyrosequencing and other next-generation sequencing technologies have increased the opportunity for molecular marker development in non-model study organisms at an unprecedented scale.^[@DSR037C10],[@DSR037C16],[@DSR037C17]^ In addition, the gene-based markers developed from transcriptome sequencing projects have the advantages of higher cross-species transferability.^[@DSR037C8],[@DSR037C48]^ We detected and characterized an enormous number of SSR and SNP loci that will likely facilitate future evolutionary, ecological, and conservation-genetic-oriented studies in *Z. celata*. The primer sets developed for candidate SSRs will allow higher density genotyping that will facilitate accurate assessment of the number of extant genotypes in this species. These markers will also be used for parentage analysis of seedlings to identify the parents with the highest fitness and to ensure that translocated populations contain the highest possible levels of genetic diversity. Furthermore, if we are unable to identify the genes encoding GSI, we will employ these SSR markers to carry out parentage analysis to provide indirect estimates of compatible mating types. The thousands of high-quality SNPs contained in deeply covered contigs offer an enormous number of informative sites that will facilitate genome-wide analyses of molecular variation in future studies.

4.3.. Conclusions {#s4c}
-----------------

In this study, we characterized the floral transcriptome, isolated thousands of molecular markers, and identified transcripts that may encode the S-locus in *Z. celata*, a highly endangered shrub species. This work has taken an important initial step in characterizing the protein-coding portion of the genome of *Z. celata*, providing a substantial genomic-level resource for an endangered plant species and plant family for which little previous DNA sequence data existed. Indeed, given that very few endangered plant species have been the focus of genomic or next-generation DNA sequencing efforts, *Z. celata* may now have one of the best-characterized genomes of any endangered plant species. This work also highlights the utility of using next-generation sequencing for marker and gene discovery; we isolated thousands of genetic markers to be used for parentage analysis, and identified members of a specific gene family that may encode GSI in *Z. celata*. These resources will be employed to facilitate recovery efforts for *Z. celata*, highlighting the utility of the new technology in rapidly expanding the resources available to conservation biologists to aid in the recovery of highly endangered species.
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